Introduction {#sec1-1}
============

An increase in body weight is a common finding after major abdominal surgery. The gain might last for several days and has been attributed to liberal fluid administration.\[[@ref1]\] This extra fluid can also impair gastrointestinal recovery\[[@ref2]\] and wound healing\[[@ref3]\] and if severe, it can increase the incidence of pulmonary edema.\[[@ref1][@ref4]\] However, the degree of weight gain after moderate, rather than major, surgery has not been studied. In particular, it is unclear whether the amount and the type of fluid, being crystalloid or colloid, govern the increase in body weight. In this type of surgery, other factors than the amount of infused fluid may also be of importance.

In the present study, we measured the change in body weight before and on the day after surgeries that required only modest amounts of intravenous (i.v.) fluid (1--2 L). Patients were randomized to receive either a crystalloid or a colloid as their first i.v. fluid. Consideration was given to the stress and inflammatory responses to the surgery and how strongly the kidneys excrete the retain fluid, which was analyzed in sampled urine.\[[@ref5][@ref6][@ref7][@ref8]\] The hypothesis was that the increase in body weight correlates with the use of crystalloid fluid, high cortisol excretion, inflammation, and/or renal fluid retention.

Methods {#sec1-2}
=======

The participants of this prospective, open, controlled clinical trial were 27 patients who underwent an elective surgery under general anesthesia scheduled to last for \>30 min at Södertälje Hospital in Södertälje, Sweden, between May 2012 and August 2015 (there was a temporary arrest of recruitment during 2013). The protocol was approved by the Ethics Committee of Stockholm on June 29, 2011 (number 2011657-31/3, Officer in charge: Hans Glaumann), and informed consent was obtained from each case. The study was registered at controlled-trials.com as ISRCTN72860921. Exclusion criteria were age below 18 years, endocrine disorders, kidney disease, dementia, and heart disease that caused physical restraint.

Procedure {#sec2-1}
---------

The patients arrived at the ward between 7 and 10 a.m. on the day of surgery. They had not ingested solid food since midnight but had been allowed to drink clear fluids up to 2 h before the surgery. Premedication was then given according to the departmental routines and consisted of 1 g of paracetamol, 120 mg of etoricoxib 120 mg (Arcoxia, MSD), 5 mg of oxycodone (OxyNorm, Mundipharma), and 25 mg of meclizine (Postafen, Terali) by mouth.

The patients were randomized by the closed envelope method to receive either Ringer\'s acetate (Baxter Healthcare) or 6% dextran 70 in isotonic saline (Macrodex, Meda, Sweden) in a proportion of 3:1 as their first perioperative i.v. fluid. Anaphylactic reactions were prevented by always preceding dextran 70 with an i.v. injection of 20 ml of 15% dextran 1 kD (Promiten, Meda).

The randomization scheme included 500 ml of dextran or 1500 ml of Ringer\'s acetate, but the staff could give less volume if not indicated by clinical needs or continue with a fluid of their own choice if more volume was indicated. The infusion was initiated upon arrival at the operating theater and covered the volume load given during the induction of general anesthesia and during most of the intraoperative period. The original intention had been to randomize patients to crystalloid fluid or hydroxyethyl starch, but the colloid was changed to dextran because the use of starch was abandoned in our hospital when the study was about to begin.

General anesthesia was induced with remifentanil and propofol and intubation facilitated with rocuronium. The anesthesia was maintained using sevoflurane and iterated doses of remifentanil and rocuronium. The arterial pressure was measured with an automatic cuff monitor every 5 min, both during the surgery and in the postoperative care unit.

During surgery, the mean arterial pressure (MAP) and cardiac index were also recorded continuously with a noninvasive hemodynamic monitor (Nexfin, BMEYE, Amsterdam, The Netherlands).\[[@ref9]\] These recordings were managed by a research nurse, and the results were not revealed to the clinical staff. One patient undergoing a hysterectomy also received epidural analgesia and two others a transversus abdominis plane block.

On the morning after the surgery, thirst was assessed again using the visual analog scale (VAS) and the body weight was measured on the same electronic scale as before the surgery. Blood samples for the measurement of plasma cortisol and C-reactive protein concentrations were taken, along with notes on surgical complications. The blood samples were analyzed at the certified clinical laboratory at Karolinska University Hospital in Stockholm. One month after the surgery, all patients were interviewed by telephone and notes on late complications were taken.

Urine sampling and analysis {#sec2-2}
---------------------------

Urine was sampled on three occasions. First, a spot sample was taken when the patients were asked to empty their bladders just before entering the operating theater. Second, the patients voided or else had their bladder emptied with a catheter when leaving the postoperative care unit. Finally, the urine excreted on the surgical ward up to 8 a.m. was collected, measured, and sampled on the next day.

All three urine samples were used to analyze the excretion of albumin, cortisol, and neutrophil gelatinase-associated lipocalin (NGAL), as well as the four components of the fluid retention index (FRI). Albuminuria is a measure of damage to the glycocalyx layer in the glomeruli, cortisol excretion is an index of the glucocorticoid activity, NGAL is an indicator of tubule-interstitial inflammation, and FRI is a 6-graded scale that provides a summary measure of four metabolic waste products that appear in higher concentrations when the kidneys conserve fluid \[[Table 1](#T1){ref-type="table"}\].

###### 

Scheme for calculating the fluid retention index, which is the mean of the fluid retention scores for four urinary markers

![](SJA-11-144-g001)

The urinary albumin and albumin/creatinine ratio were measured in our research laboratory on a DCA Vantage Analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY, USA). The cortisol and NGAL excretions were quantified at the clinical chemistry laboratory at Karolinska University Hospital. The lower limit for detection of NGAL was 35 μg/l, which was set to zero in the calculations.

The FRI is a composite index of four markers that all indicate fluid retention.\[[@ref5][@ref6][@ref7][@ref8]\] To create this index, urine color was assessed immediately by holding a 10 ml tube of urine next to a color scale, which is available at [www.hydrationcheck.com](www.hydrationcheck.com). The urine-specific gravity was measured by Multistix^®^ reagent strips inserted into a Clinitek Status^®^ Analyzer (Siemens Healthcare Diagnostics). The osmolality and the creatinine concentration were measured within 24 h at Karolinska University Hospital. Previous work has found that ranges of each marker correspond to a range of the other three markers.\[[@ref5]\] Therefore, each of the four markers (urine color, specific gravity, osmolality, and creatinine) was given a score according to [Table 1](#T1){ref-type="table"}. The FRI is the mean of these four scores. A detailed description of the FRI concept is given elsewhere.\[[@ref5]\]

Body weight, thirst, and fluid balance {#sec2-3}
--------------------------------------

The body weight was measured on an electronic scale to the nearest 10 g on arrival to the operating theater and also at 8 a.m. on the first postoperative day. The weight of any resected tissue (median 430 g, *N* = 10) was subtracted from the preoperative weight. On the same occasions, the patients were asked to estimate their thirst on a VAS graded from 0 (no thirst) to 100 (maximum thirst).

The fluid balance was calculated for the same period of time and taken as the sum of the infused and orally ingested fluid minus the sum of blood loss and the urinary excretion.

Complications {#sec2-4}
-------------

On the morning of the first postoperative day and 30 days after surgery, a research nurse interviewed the patient and read the medical records to register postoperative adverse events. This was done by filling in a checklist of 18 complications based on the surveys by Brandstrup *et al*.\[[@ref1]\] and Bennett-Guerrero *et al*.\[[@ref10]\] The checklist included all complications arising from the respiratory, gastrointestinal, cardiovascular, neurological systems, any pain requiring opiates, and systemic and local infection.

Statistics {#sec2-5}
----------

The study was powered to detect a difference in the surgery-induced change in body weight depending on infusion fluid, based on the notion that crystalloid fluid can increase the body weight by 4 kg after abdominal surgery.\[[@ref1]\] The originally planned number of patients was sixty, but the study was concluded earlier because of slow recruitment and by the recognition that of the futility of trying to demonstrate that the use of colloid fluid versus a crystalloid would result in less of an increase in body weight.

Data were presented as the median and interquartile range. Group comparisons were performed with the Mann-Whitney\'s U test and changes analyzed by the Wilcoxon\'s matched-pair test. Correlations between parameters were studied by simple linear regression where *r* = correlation coefficient. *P* \< 0.05 was statistically significant.

Results {#sec1-3}
=======

Six patients from the originally included 27 patients were excluded from the study because of canceled or rescheduled operations or because of practical problems encountered during data collection \[[Figure 1](#F1){ref-type="fig"}\]. Demographics and the types of surgery for the 21 analyzed patients are shown in [Table 2](#T2){ref-type="table"}.

![Consort flow diagram for the study](SJA-11-144-g002){#F1}

###### 

Demographics, hemodynamics, and postoperative complications
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The hemodynamic parameters did not differ significantly between the crystalloid and colloid group during the operations, but the colloid group had a smaller urinary excretion during the first postoperative night and a higher plasma cortisol concentration on the first postoperative morning \[[Table 2](#T2){ref-type="table"}\].

Body weight, fluid balance, and fluid retention index {#sec2-6}
-----------------------------------------------------

The median change in body weight from before surgery to the day after surgery was + 0.7 kg (0.3--1.6), after correction for resected tissue. The lowest and highest values were − 0.7 and + 2.5 kg, respectively.

No significant relationship was apparent between the change in body weight and the postoperative C-reactive protein or serum cortisol concentrations, the cortisol excretion, the amount of fluid infused during the surgery, or the amount of fluid received up to the first postoperative morning. However, the body weight increased more in the colloid group (+1.0 vs. +0.4 kg, *P* \< 0.01; \[[Table 3](#T3){ref-type="table"}\]).

###### 

Biochemical parameters measured before, during, and after moderate surgery

![](SJA-11-144-g004)

A statistically significant linear relationship existed between the change in body weight and the FRI score before surgery \[[Figure 2a](#F2){ref-type="fig"}\] and the FRI score on the first postoperative morning \[[Figure 2b](#F2){ref-type="fig"}\], as well as the difference between these two FRI scores \[[Figure 2c](#F2){ref-type="fig"}\]. The volumetric fluid balance also correlated with the gain in body weight \[[Figure 2d](#F2){ref-type="fig"}\], with the FRI 1 day after surgery \[[Figure 2e](#F2){ref-type="fig"}\], and with the change in FRI \[[Figure 2f](#F2){ref-type="fig"}\].

![Upper row - The change in body weight from before surgery to the first morning after surgery (after correction for resected tissue) versus (a) the fluid retention index (FRI) before the surgery, (b) fluid retention index in the first morning after the surgery, and (c) the change in fluid retention index from before surgery to the first morning after surgery. Lower row - The fluid balance from before surgery to the first morning after the surgery versus (d) the change in body weight (e) fluid retention index in the first morning after the surgery, and (f) the change in fluid retention index from before surgery to the first morning after surgery](SJA-11-144-g005){#F2}

Urinary biomarkers {#sec2-7}
------------------

All patients with an FRI score \>4.0 had albuminuria. The albumin excretion increased during the surgical period \[*P* \< 0.003; [Table 3](#T3){ref-type="table"}\] and the rise correlated with the FRI value in the first postoperative morning (*P* \< 0.04) but not with any of the other urinary biomarkers.

The albumin excretion during surgery (log-transformed data) increased with lower diastolic (*r* = −0.57; *P* \< 0.03) and MAPs (*r* = −0.54; *P* \< 0.04). There was also a trend for the FRI score to increase for lower arterial pressures, but these correlations were not statistically significant.

The cortisol excretion before surgery correlated inversely with the FRI score measured at the same time (*r* = −0.54; *P* \< 0.02). Overall, the cortisol excretion decreased during the surgery \[*P* \< 0.05; [Table 3](#T3){ref-type="table"}\] but was relatively higher in the first postoperative morning in those who had undergone hysterectomy (*P* \< 0.04).

NGAL was only above the limit of detection in 22% of the urine samples, and the concentrations were most often reduced during the course of surgery. No pattern related to fluid balance or the indices of inflammation and stress was found.

Complications {#sec2-8}
-------------

The colloid group had a higher incidence of postoperative nausea and vomiting, as well as more pain requiring opiates, during the postoperative follow-up \[[Table 2](#T2){ref-type="table"}\]. These differences could not be statistically attributed to the increase in body weight or to inequality in the number of hysterectomies between the fluid groups.

The follow-up at 30 days showed that one patient in the crystalloid group had developed deep vein thrombosis and that two patients in the colloid group had suffered from an infection in the surgical wound. One patient from the colloid group developed transient joint pains 4--5 days after the surgery that required treatment with antiphlogistics and a period of absence from work.

Discussion {#sec1-4}
==========

The increase in body weight occurring during the perioperative period varied from being slightly negative to an increase of 2.5 kg. The gain correlated poorly with the amount of infused fluid, which was unexpected. The use of colloid instead of a crystalloid did not reduce either the perceived need for fluid among the staff or the surgery-induced increase in body weight. The increase was even greater in the colloid group despite the fact that the differences in fluid volumes infused during the surgery matched the blood loss. The fluid volumes given postoperatively were also quite similar in the two groups. Therefore, the greater increase in body weight for those who received the colloid must be explained by their much smaller postoperative urinary excretion (700 ml vs. 1,400 ml; \[[Table 2](#T2){ref-type="table"}\]).

The reduced urinary excretion in the colloid group is mirrored by a gradual increase in the FRI score. This urine analysis actually correlated more clearly with the overall increase in body weight than did any of the other biomarkers, and it was even slightly better than a calculation of the fluid balance that included measurement of all excreted urine, as well as the weight of any resected tissue. A perioperative increase in body weight even appeared to be unlikely if the FRI score was low in the first postoperative morning.

Only marginal fluctuations were noted in serum creatinine and urinary NGAL, which suggests that the kidney function was largely unaffected although the kidneys retained fluid. However, a modest increase occurred in the albumin excretion, which is a sign of glomerular glycocalyx damage of inflammatory origin. An infusion of crystalloid fluid in preoperative patients is more readily excreted in the presence of albuminuria\[[@ref11]\] after which the FRI probably rises as a counter-response. In the present study, a high FRI was always accompanied by albuminuria, which has a long-term prognostic value in cardiovascular and metabolic disease, such as heart failure, hypertension, and diabetes.\[[@ref12]\] The albuminuria was most apparent when the arterial pressure was low during the surgery. However, the albumin excretion was already markedly lower during the first postoperative night, which makes long-term harm unlikely.

More postoperative symptoms occurred in the colloid group, which we could not statistically link to any fluid balance parameter. The perceived thirst tended to increase after the surgery, despite the fact that most patients developed some degree of overhydration. Thirst is difficult to interpret as it is elicited by multiple mechanisms including dry mouth, hyperosmolality, and hypovolemic stress.\[[@ref13]\] Therefore, the thirst score is a patient comfort issue more than a useful guide to the state of hydration.

The difference in postoperative urinary excretion between the patients who received crystalloid and colloid fluid is consistent with volunteer experiments showing that the diuretic response is effective following infusion of colloid fluid alone while a subsequently infused crystalloid is poorly excreted,\[[@ref14]\] probably due to translocation of colloid molecules to the interstitial fluid space.\[[@ref15]\] Our statistical analysis did not support the view that the distribution of hysterectomies between the groups accounted for the higher serum cortisol, and the greater fluid retention in patients randomized to colloid.

An unexpected finding was that a low FRI score before surgery indicated a subsequent large increase in body weight during the surgery \[[Figure 2a](#F2){ref-type="fig"}\]. This suggests that the renal fluid conservation response to surgery operates in a nonlinear fashion and is most effective when the kidneys are initially set to excrete fluid. The difference between the post- and pre-operative FRI even provided the most linear relationship with the change in body weight. [Figure 2c](#F2){ref-type="fig"} shows that an unchanged FRI corresponds to an average weight gain of approximately 1 kg, while a marked reduction of the FRI score was needed to avoid an increase in body weight.

Urine sampling has previously been used to diagnose dehydration in recreational\[[@ref5]\] and elite sports.\[[@ref16][@ref17]\] FRI is a recently developed composite index of metabolic waste products that are excreted at a fairly stable rate and therefore appear in higher urinary concentrations when the kidneys retain fluid. Four markers are used to reduce the potentially confounding influences of diet, disease, medication, and occasional outliers on the results. The ranges of agreement between them have been published for participants over the age of 17--69 years.\[[@ref5]\] These ranges were assigned a score, where a higher value indicated stronger fluid retention \[[Table 1](#T1){ref-type="table"}\]. An index value of ≥4.0 corresponds to the degree of renal water conservation that accompanies dehydration of ≥3% of the body weight.\[[@ref5]\]

In hospital care, a high urinary content of metabolic waste products is associated with a greater plasma volume expansion in response to crystalloid fluid\[[@ref18]\] and a greater need for fluid optimization before abdominal surgery.\[[@ref19]\] In hip fracture surgery, a high preoperative FRI has been associated with a greater rise in NGAL\[[@ref7]\] and a greater number of postoperative complications.\[[@ref20]\] In acute geriatric care, an admission FRI of ≥4.0 was associated with a higher 30-day mortality.\[[@ref8]\] The present study is the first to show that a single postoperative FRI score can be used to indicate weight gain in the perioperative period.

Limitations of the present study include the inclusion of a smaller number of patients than had been originally planned. A perfect match between open and laparoscopic surgeries also could not be achieved. The study was also about to start at a time when the safety of hydroxyethyl starch in the operating theater was in question. Therefore, starch was replaced with dextran 70, which is not widely used internationally. Moreover, colloid fluids should only be used to treat hypovolemia, while we randomized patients to receive this fluid as their first infusion during the surgery, regardless of whether hypovolemia had been diagnosed. Halfway into the study, the marketing of the Nexfin hemodynamic monitor was abandoned and replaced with an updated apparatus, ClearSight, but we continued to use the Nexfin to maintain the integrity of our data collection.

Conclusion {#sec1-5}
==========

The study suggests that the increase in body weight after surgery of moderate extent is indicated by the FRI score, which is a urine-based analysis of how the kidneys are set to excrete or conserve fluid. The use of a colloid (dextran 70) did not allow a reduction in the amount of fluid infused during surgery. Dextran infusion was followed by less postoperative urinary excretion, a greater increase in body weight, and an increasing FRI score.
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